Rate and polarity of gene fusion and fission in Oryza sativa and Arabidopsis thaliana.
Eukaryotic gene fusion and fission events are mechanistically more complicated than in prokaryotes, and their quantitative contributions to genome evolution are still poorly understood. We have identified all differentially composite or split genes in 2 fully sequenced plant genomes, Oryza sativa and Arabidopsis thaliana. Out of 10,172 orthologous gene pairs, 60 (0.6% of the total) revealed a verified fusion or fission event in either lineage after the divergence of O. sativa and A. thaliana. Polarizing these events by outgroup comparison revealed differences in the rate of gene fission but not of gene fusion in the rice and Arabidopsis lineages. Gene fission occurred at a higher rate than gene fusion in the O. sativa lineage and was furthermore more common in rice than in Arabidopsis. Nucleotide insertion bias has promoted gene fission in the O. sativa lineage, consistent with its generally longer nucleotide sequences than A. thaliana in selectively neutral regions, and with the abundance of transposable elements in rice. The divergence time of monocots and dicots (140-200 Myr) indicates that gene fusion/fission events occur at an average rate of 1x10(-11) to 2x10(-11) events per gene per year, approximately 100-fold slower than the average per site nuclear nucleotide substitution rate in these lineages. Gene fusion and fission are thus rare and slow processes in higher plant genomes; they should be of utility to address deeper evolutionary relationships among plants--and the relationship of plants to other eukaryotic lineages--where sequence-based phylogenies provide equivocal or conflicting results.